Ribosomes in bacteria are generally thought to exist free in the cytoplasm, in contrast to their association with a membranous reticulum in mammalian cells (for review, see Murray, 1960) . However, it has been observed recently that in lysates of Bacillus megaterium most of the capacity to incorporate amino acids into protein resides in polyribosomes bound to membrane "ghosts" (Schlessinger, 1963) . The association of the ribosomes with ghosts suggested that they were either structurally bound to the membranes or trapped within them as a consequence of cell lysis.
To investigate the possibility that ribosomes may exist bound to some structure within intact bacterial cells, electron micrographs have been taken of ghosts and fragments of ghosts and their associated ribosomes. The ribosomes appear to be distributed on a reticular framework which extends throughout the cytoplasm of the protoplasts. The association between ribosomes and reticulum is magnesium-dependent, insensitive to deoxyribonuclease and ribonuclease, and stable enough to withstand sonic treatment. The binding is firm enough so that, in suspensions of fragments, ribosomes associated with reticulum do not exchange for added free ribosomes. These results suggest that ribosomes may be bound to a reticular matrix or network within intact bacteria.
MATERIALS AND METHODS
Preparation of subcellular fractions. B. megaterium KM was harvested during exponential growth at 30 C, washed at 0 C, and lysed with lysozyme at 20 C in 0.01 M tris(hydroxymethyl)-aminomethane (Tris), pH 7.5. Amounts of 1 ,g/ml of deoxyribonuclease 0.01 M NaCl, and Mg2+ were added as required (Schlessinger, 1963) . All subsequent steps were at 0 to 5 C unless otherwise specified. When membranes containing C14-labeled ribosomes were to be used, growing cells were labeled for at least three generations with 10 .uc of C14-uracil per liter (280 ,c/mg, from New England Nuclear Corp., Boston, Mass. In experiments designed to measure exchange of free for membrane-bound ribosomes, ghosts (or sonic-treated fragments of ghosts) labeled with C14-uracil were suspended in buffer or in solutions containing free, unlabeled ribosomes. At intervals, 0.05-ml samples were again separated into membranes and supernatant fluid by centrifugation for 5 min at 12,000 X g in capped hematocrit tubes, by use of a microcapillary centrifuge (model MB; International Equipment Co., Boston, Mass.). (Millonig, 1961) for 2 hr.
Dehydration of the fractions was carried out in a graded series of mixtures of ethyl alcohol and propylene oxide. They were then embedded in Epon (Luft, 1961) or an Epon-Araldite (Glauert and Glauert, 1958) Electron micrographs of thin sections of ghosts usually show the cytoplasm only as a very dense mat of ribosomes within the limiting )lasma membrane of the cell (Fig. 2) . However, when sections were prepared from lysed l)rotolplasts, roughly spherical particles approximately 150 to 200 A across, which took u) the uranyl stain for nucleic acids, could be distinguished. The number of ribosomes seen in sections of washed ghosts, like the total amount of RNA bound ( Fig. 1) , is lower the lower the concentration of M\Ig2+ (Fig. 3 to 5 ).
If the rihosomes were bound at the external limiting membrane of the ghost, they would be expected to cluster there. Instead, they were scattered throughout the interior of the ghost.
They appeared to be slpread out against a rather diffusely scattered reticulum, visible even in preparations which were not fixed with osmic acid (Fig. 6 ). Several earlier authors have observed ghosts under conditions (usually very low concentrations of Mg2) in which ribosomes were reduced to a nearly negligible level (Fitz-James, 1964; Hendler et al., 1964) , and a reticulum of similar appearance was described by Hendler et al. (1964) , Abrams, Nielsen, and Thaemert (1964) , and Pfister and Lundgren (1964 remaining. These polyribosomes can now be seen displayed on a reticulum, which tends to remain positioned within the relatively intact l)lasma membrane ( Fig. 3 to 6 ). We did not expect the plasma membrane in low concentrations of Mg2 to be as intact morphologically as it is (Fig. 4) , since it had been reported that ghosts in low IMg+ start to disappear (and presumably fragment; Weibull, 1953) . Figure When essentially all the MIg2+ is removed by EDTA treatment, the last ribosomes detach from the ghost, leaving only shreds of the reticulum very near the limiting membrane.
Because the holes made in the plasma membrane during osmotic lysis might not be large enough to permit polyribosomes to leave the ghost, the concentration of polyribosomes in ghosts could have been due to physical entrapment. We therefore lerformed the following controls.
UJltrasound is a poweiful means of fragmenting cell membranes, particularly when the tough outer wall has been removed, as it is by the lysozyme treatment (Salton, 1957;  Fig. 2 ). If ribosomes were simpl)y trapped inside ghosts, they should be freed into the medium when membranes are sonically disrupted. Figure 5 shows, however, that after 5 min of sonic treatment, when ghosts have been fragmented, most of the ribosomes remain bound. Some ribosomes and polyribosomes do appear to be freed by this treatment, but oreinol tests and ultraviolet-absorption measurements indicated that 70% of the RNA still sediments with the remaining membranous debris after several further washings. When (Fig. 7 and 8) . Some aggregates were found still attached to fragments of the cell membrane, but many were also seen without any connection to remnants of the membrane (Fig. 8) . Despite the increased resolution and clarity of structural detail provided by the negative-staining technique, the structural basis for the ribosomal aggregation is not clearly depicted. It is apparent, however, that this proposed reticular network which binds the ribosomes is not made up of the usual "unit membrane" which comprises the endoplasmic reticulum in mammalian cells (Palade and Siekevitz, 1956a, b; Sjostrand, 1963 were withdrawn friomii each tube and rapidly centrifuged. If progressive exchange of membrane-bound for unhound ribosomes were to occur, then increasing amounts of radioactivity would appear in the supernatant fluid. The results illustrated in Fig. 9 show that a constant fraction of the riibosomes Nas s)ontaneously released from the membranes, whether or not any additional ribosomes were added (10%C of the total ribosomes at 20 C; 20%k at 30 C). However, the bulk of the ribosomes did not exchange with externally added ribosomes, again suggesting that the binding is firm.
Ribonuclease treatment did not facilitate exchange of bound ribosomes (Fig. 9) , indicating that the ribosomes are not bound by an RNA component susceptible to enzymatic attack. The data of Fig. 9 corroborate the earlier statement (Schlessinger, 1963) 10 ).
We have examined further the earlier finding that about 60% of the RNA bound to ghosts is released by treatment for 10 min with 0.2% dleoxycholate (Schlessinger, 1963) . In electron micrographs of negatively stained material freed fIoIm1 either intact oI sonically fragmented ghosts, sinall aggregates of ribosomes and many single ribo.somens can be secn (Fig. 10) .
DI)SCUSSION
Ribosomes bound to "microsomal membranes" in homogenates of mammalian tissues have been carefully correlated with ribosomes observed on endol)lasmic rieticulumii in electron micrographs (IPalade and Siekevitz, 1956a, b) . A number of analogous observations have been made on the microsomal fractioni in extracts of rat liver (Heuishaw, Bojariski an(d Hiatt, 1963; Littlefield et al., 1955) and ribosomes bound to reticulum in the bacterial extracts (Schlessinger, 1963) : (i) the bound ribosomes can be released by treatment Nith 0.2% sodium deoxvcholate; (ii) the fraction of ribosomes bound is a function of the \Ig2+ concentration; (iii) the ribosomes remain attached after rel)eated washes with buffer; (iv) the bound ribosomes are mor e competent in forming protein; and (v) 
